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Reaction of Di (4- A broad investigation into the chemistry of fluoroaromatic compounds was initiated several years ago as a part of a continuing program to uncover and develop novel classes of thermally stable materials. Interest in fluoroaromatic chemistry was stimulated by several factors. The initial report of the preparation of hexafluorobenzene suggested that the material was extremely thermally stable (Reference 1). Subsequent measurements of the stability of hexafluorobenzene by the isoteniscope method assigned a "decomposition temperature" of at least 650°C; under comparable conditions, benzene has a "decomposition temperature" of 6000C (Reference 2). Few laboratories were engaged in a study of fluoroaromatic chemistry, largely a result of the unavailability of hexafluorobenzene. When hexafluorobenzene became available in research quantities, an opportunity developed to explore the possibility of preparing heat-stable organic materials based on fluoroaromatic chemistry.
The present report deals with the preparation and reactions of a variety of fluoroaromatic amines. The objective of this research was the synthesis of fluorinated analogs of known aromatic amine antioxidants, difunctional monomers, and model compounds for thermal stability determinations.
AFML-TR-66-211 DISCUSSION GENERAL PREPARATION OF POLYFLUORODIPHENYLAMINES When this work was initiated, good synthetic routes to polyfluorodiphenylamines were not available. Decafluorodiphenylamine had been obtained as a minor product from the reaction of hexafluorobenzene with sodamide (Reference 3). Di(4-methoxytetrafluorophenyl)amine was observed to be a minor product (Reference 4) from the reaction of pentafluoroanisole with sodamide.
A direct route for the preparation of decafluorodiphenylamine was realized from the reaction of pentafluoroaniline and hexafluorobenzene in the presence of two equivalents of sodium hydride. The reaction involves nucleophilic substitution of a fluoroaromatic substrate by the anion (mono or di) of pentafluoroaniline. Two equivalents of sodium hydride are required as the product before hydrolysis is the sodium salt of decafluorodiphenylamine. It is not clear at what stage of the reaction the second hydrogen is lost. The amines prepared by this reaction are reported in Table I . 
PREPARATION OF DIFUNCTIONAL POLYFLUORODIPHENYLAMINES
Current in-house research has led to convenient preparative methods for the formation of polyfluoroaromatic acids (Reference 5) and primary amines (Reference 6). Application of these reactions to the polyfluorodiarylamines would provide polyfunctional intermediates which are required for the preparation of a wide variety of fluoroaromatic polymers.
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Thus, di(4H-tetrafluorophenyl)amine upon reaction with three equivalents of butyllithium followed by carbonation and acidification gives di (4-carboxytetrafluorophenyl) 
PREPARATION OF MODEL COMPOUNDS FOR THERMAL STABILITY DETERMINATIONS
Early attempts to prepare a useful heat-stable fluoroaromatic fluid involved the preparation of poly(perfluorophenyl)ether. The results of this program were disappointing in that it was found that decafluorodiphenyl ether possessed an isoteniscope decomposition temperature of 3770 compared to 4540 for the hydrogenic analog (Reference 7). 
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The relative thermal stabilities of the model compounds were determined by the isoteniscope method. The decomposition temperature is defined as the temperature at which the rate of volatile product formation corresponds to one mole percent per hour. In Table II B. The addition of pentafluoroaniline (9.15 grams, 0.05 mole) in ether (40 ml) to pentafluorobenzene (8.40 grams, 0.05 mole) and sodium hydride (5.2 grams, 0.11 mole, 50% dispersion) in mineral oil in ether (10 ml) at reflux gave, upon work-up, the desired product 6.50 grams, (39%) as pale pink needles, mp 85.50 to 86.50 (after sublimation 900/1 mm). The n.m.r. and infrared spectrum of the sample were identical to the product from reaction A above.
4-Bromo-nonafluorodiphenylamine (HI). - The addition of pentafluoroaniline (9.15 grams, 0.05 mole) to pentafluorobromobenzene (12.35 grams, 0.05 mole) and sodium hydride (2.62 grams, 0.55 mole, 50% dispersion in mineral oil) in THF gave 6.06 grams (36%) of the desired product. Two recrystallizations from ligroin bp 600 to 900 gave the analytical sample, mp 105.50 to 107.50.
The F 1 9 n.m.r. spectra in benzene exhibited multiplets centered at 58. 8 N-Methyl-N-pentafluorophenyl-2-heptafluoronaphthylamine (VII). -A 5-ml aliquot of the reaction mixture resulting from the addition of pentafluoroaniline to octafluoronaphthalene and two equivalents of sodium hydride in THF was treated with 1.0 grams of iodomethane. After work-up, there was obtained a small amount of material which was recrystallized from ligroin, bp 380 to 500, to give the desired product, mp 84.50 to 84.60. The infrared and F 1 9 n.m.r. absorption spectra are consistent with the proposed structure. Pentadecafluorodiphenylbenzamide (XI). -A solution of pentafluorobenzoyl chloride (4.62 grams, 0.020 mole) in 20 ml of THF was added dropwise at room temperature to a solution of N-sodiodecafluorodiphenylamine prepared from sodium hydride (1.00 gram, 0.021 mole, 50% dispersion in mineral oil) and decafluorodiphenylamine (6.78 grams, 0.020 mole) in 50 ml of THF. The reaction was refluxed for 3 hours, cooled, and poured into 200 ml of a 5-percent Na 2CO3 solution. The THF layer was phase separated, dried over magnesium sulfate, and evaporated to dryness. The residue was recrystallized from ligroin, bp 600 to 900, to give 7.31 grams (62.5%) of the desired product, mp 1200 to 1230. A second recrystallization from the same solvent gave the analytical sample, mp 125.50 to 1260. Reaction of Di(4-carboxytetrafluorophenyl)amine with Diazomethane. -To an ice-cooled bath solution of di(4-carboxytetrafluorophenyl)amine (12.03 grams, 0.03 mole) in 150 ml of ether, diazomethane in ether was added until no further gas evolution occurred. The yellow solution was stirred for 2 hours at room temperature and then poured into 3-percent acetic acid. The etherial layer was dried over magnesium sulfate, evaporated to dryness, and the residue recrystallized from ligroin, bp 900 to 1200, to give 2.92 grams (23%) of di(4-carbomethoxytetrafluorophenyl)amine (XIX), mp 1400 to 1420.
N-Methyldecafluorodiphenylamine (VIII
The F 1 9 n.m.r. spectra in benzene exhibited multiplets at 61.9 and 75.5 ppm.
The ligroin filtrate yielded 6.86 grams (52%) of N-methyl-di(4-carbomethoxytetrafluorophenyl)amine (XX), mp 1010 to 102.50. l ii 
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